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STREAMFLOW, DISSOLVED SOLIDS, SUSPENDED SEDIMENT,
AND TRACE ELEMENTS, SAN JOAQUIN RIVER, CALIFORNIA,

JUNE 1985-SEPTEMBER 1988

By Barry R. Hill and Robert J. Gilliom

Abstract

Water quality in the San Joaquin River and its
major tributaries was studied during 1985-88 in
response to concern about adverse effects of
agricultural wastewater on the river. The 1985-
88 study period included hydrologic extremes
throughout most of central California. Except for
an 11-month period during and after the 1986
flood, streamflows in the San Joaquin River
during the study period generally were less than
median streamflows for 1975-88. Combined
streamflow from the Sierra Nevada tributaries
(Merced, Tuolumne, and Stanislaus Rivers)
comprised 56 to 69 percent of the annual
streamflow of the San Joaquin River, combined
streamflow from Salt and Mud Sloughs
comprised 6 to 19 percent, the upper San Joaquin
River comprised 2 to 25 percent, and unmeasured
sources of water from agricultural discharges and
ground water accounted for 13 to 20 percent.
Salt and Mud Sloughs and the unmeasured
sources of water contribute most of the
dissolved-solids load in the San Joaquin River.
The Merced, Tuolumne, and Stanislaus Rivers
greatly affect dissolved-solids concentrations
through dilution. Suspended-sediment con-
centration peaked sharply at more than 600
milligrams per liter during the flood of February
1986. Concentrations and loads of suspended
sediment varied seasonally during low-flow
conditions; concentrations were highest during
the early summer irrigation season.

Trace elements present primarily in dissolved
phases are arsenic, boron, lithium, molybdenum,
and selenium. Boron concentrations exceeded
the irrigation water-quality criterion of 750
micrograms per liter more than 75 percent of the

time in Salt and Mud Sloughs and more than 50
percent of the time at three sites on the San
Joaquin River. Selenium concentrations ex-
ceeded the aquatic-life water-quality criterion of
5 micrograms per liter more than 75 percent of
the time in Salt Slough and more than 50 percent
of the time in Mud Slough and in the San
Joaquin River from Salt Slough to the Merced
River confluence. Concentrations of dissolved
solids, boron, and selenium usually were highest
during late winter to early spring, followed by
lower concentrations in early summer, higher
concentrations again in mid-to-late summer, and
the lowest concentrations of the year in the
autumn. These concentrations generally corre-
spond to the seasonal patterns in the inflow of
subsurface tile drainwater to Salt and Mud
Sloughs. Trace elements present primarily in
particulate phases are aluminum, chromium,
copper, iron, manganese, nickel, and zinc, none
of which cause significant water-quality problems
in the river. ‘

INTRODUCTION

Agricultural drainage problems in the San Joaquin
Valley, California, have attracted national attention
since 1983, when selenium in water from subsurface
tile-drainage systems was found to have toxic effects
on fish and waterfowl at Kesterson Reservoir (Presser
and Barnes, 1984; Hamilton and others, 1986;
Ohlendorf and others, 1986a, 1986b).  Similar
drainwater from about 31,000 ha (hectare) of agri-
cultural land is discharged to the San Joaquin River
or its tributaries (California State Water Resources
Control Board, 1987). Concern about adverse effects
of this drainwater and other agricultural wastewater
on the quality of the San Joaquin River prompted a
study of the water quality of the San Joaquin River
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from 1985 to 1988. This study is part of a compre-
hensive investigation of the hydrology and geo-
chemistry of the San Joaquin Valley by the U.S.
Geological Survey in cooperation with the San
Joaquin Valley Drainage Program.

This report provides an overview of selected
hydrologic and water-quality conditions in the San
Joaquin River and its major tributaries during June
1985 to September 1988. This overview serves as a
descriptive introduction for more detailed analyses of
the sources and transport of contaminants, such as
reported by Clifton and Gilliom (1989). Data dis-
cussed in this report include results of biweekly or
monthly water-quality sampling at 11 sites between
June 1985 and September 1988, and continuous
records of streamflow and specific conductance
collected at the same sites from October 1985 to
September 1988.

Specific objectives of this report are to summarize:

(1) Hydrologic conditions during the study period
and how they compare with historical conditions;

(2) Concentrations and sources of dissolved solids
in the river and the relations between tributary sources
of dissolved solids and ion composition;

(3) Suspended-sediment concentrations and
sources; and

(4) Trace-element concentrations and the parti-
tioning between dissolved and particulate phases.

STUDY AREA

The San Joaquin Valley (fig. 1) is a major
structural depression lying between the Coast Ranges
to the west and the Sierra Nevada to the east. It is
bounded by the Tehachapi Mountains to the south and
the combined delta of the Sacramento and San
Joaquin Rivers to the north. The Coast Ranges are
composed primarily of rocks of the Franciscan com-
plex and overlying marine and continental sedi-
mentary rocks of Tertiary age (Lettis, 1982). The
Sierra Nevada and the Tehachapi Mountains are
composed largely of pre-Tertiary granitic rocks. The
valley floor is underlain by more than 1,000 m of
unconsolidated sediments that originated from ero-
sion of the mountains flanking the valley (Belitz and
Heimes, 1989). The floor of the valley has little
topographic relief and the gradient of the San Joaquin
River is correspondingly low (about 0.15 m/km
through the study reach).

The climate of the San Joaquin Valley is arid to
semiarid. Average annual rainfall generally ranges
from 150 to 300 mm (Rantz, 1969). Almost all
precipitation falls as rain during mild winters.
Summers are hot and dry. Long-term precipitation
records (30 years) are available for Los Banos,
located in the southern part of the study area (fig. 1).
Average annual rainfall at Los Banos is 230 mm
(National Weather Service, 1988). Annual rainfall
during the study period ranged from about 60 percent
of the long-term average in 1988 to about 120 percent
in 1987 (fig. 2).

The major land use in the valley is agriculture, and
an extensive network of storage reservoirs and canals,
as well as numerous wells, provides the valley with
irrigation water throughout most of the year. The
history of water development, irrigation, and
agricultural drainage in the San Joaquin Valley was
described by the California State Water Resources
Control Board (1987).

Below its headwaters in the Sierra Nevada, the San
Joaquin River flows 309 km from Friant Dam in the
foothills to Vernalis (fig. 1), which is just upstream
from tidal backwater influence of the Sacramento-San
Joaquin Delta. River gradients range from 0.6 m/km
near Friant Dam to 0.1 m/km near Vernalis. Within
the first 105 km between Friant Dam and Mendota
Pool, the river generally has intermittent streamflow,
and usually river water from the headwaters does not
reach Mendota Pool near Mendota because of
diversions below Friant Dam. In the next 108 km
between Mendota Pool and site 1 near Stevinson, the
river also has intermittent streamflow, except for a
reach of several kilometers just downstream of
Mendota Pool, in which flow is perennial. Stream-
flow in the remaining 96 km, between site 1 near
Stevinson and site 11 near Vernalis, is perennial and
increases downstream as tributaries and irrigation-
return flows enter the river. Inflows to this part of
the river come from surface runoff and subsurface
drainwater from irrigated areas, ground water, and
runoff from the Sierra Nevada.

This study focuses on data from 11 sites on the
perennial flow part of the San Joaquin River and its
tributaries (fig. 1). Water that reaches the perennial
flow part of the San Joaquin River from the pre-
dominantly intermittent parts of the river upstream
from Stevinson is monitored in the San Joaquin River
near Stevinson (site 1). During low-flow conditions,
most water reaching site 1 is irrigation-return flow,
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Table 3. Concentrations and partitioning of frace elements at sites 1-11, 1985-88

[All concentrations are total recoverable concentrations, in micrograms per liter; the detection limit (dl), in micrograms per
liter, is in parentheses following the name of the element; NC indicates no calculation of partitioning was possible due to

numerous samples less than detection limits. Asterisk (*) indicates a tributary site]

Median Median
Site 25th 75th Ceﬁ’jg . 25th 75th . fﬁg
No. per- Median per- in dif— per- Median per- ii dif—e
(fig. 1) centile centile solved centile centile solved
phase phase
Aluminum (dl=10) Arsenic (dl=1)
*] 610 980 2,050 1.7 3.0 5.0 8.0 88
) 2,200 3,650 5,250 2 4.0 5.0 6.0 67
3 1,650 2,900 4,400 .5 3.0 4.0 5.0 75
*4 1,400 2,400 3,500 4 4.0 5.0 6.0 80
*5 230 330 560 2.8 1.0 1.0 2.0 100
6 1,450 2,350 3,970 4 3.0 4.0 4.5 67
7 1,200 1,800 3,000 7 3.0 4.0 4.0 75
*g8 130 200 345 5.1 1.0 2.0 3.0 100
9 1,200 1,800 3,400 .5 2.0 3.0 4.0 75
*10 268 310 490 32 <1.0 <1.0 1.0 NC
11 950 1,300 2,400 .6 2.0 2.0 3.0 67
Boron (dI=10) Chromium (dl=1)
*] 50 150 290 100 2.0 8.0 12.0 NC
*2 1,100 1,600 2,200 100 6.2 12.0 15.0 NC
3 645 1,200 1,600 100 7.0 10.0 14.8 NC
*4 2,000 2,900 3,400 100 6.0 12.0 21.0 NC
*5 20 30 48 100 2.0 6.0 9.0 NC
6 582 835 1,180 100 5.0 11.0 15.0 NC
7 400 840 1,100 100 5.0 9.5 13.0 NC
*g 20 30 40 100 1.0 5.0 9.0 NC
9 230 485 728 100 6.0 10.0 15.0 NC
*10 232 30 40 100 2.0 6.0 10.0 NC
11 50 390 488 100 4.0 7.0 10.0 NC
Copper (dl=1) Iron (d1=3)
*1 5.0 5.0 7.2 25 900 1,600 3,150 1.6
*2 7.0 9.0 11.0 20 3,400 5,000 6,850 3
3 6.0 7.0 9.0 27 2,700 4,200 5,700 4
*4 6.0 8.0 12.0 25 1,900 3,400 4,980 7
*5 3.0 4.0 6.0 33 490 740 1,00 8.6
6 6.0 8.0 10.0 20 2,320 3,450 5,650 .6
7 6.0 8.0 11.0 20 1,900 2,700 4,300 .6
*g 3.0 4.0 6.0 33 270 370 760 13.3
9 6.0 8.0 12.0 20 2,020 2,850 4,950 .6
*10 3.0 5.0 6.0 29 438 555 720 8.6
11 5.0 7.5 10.0 20 1,700 2,300 3,500 .8

and selenium, and trace elements presently predomin-
antly in particulate phases (generally less than 50 per-
cent dissolved) are aluminum, chromium, copper,
iron, manganese, nickel, and zinc (table 3). Dissolved-
phase elements of most potential significance to water
quality in the San Joaquin River are arsenic, boron,

molybdenum, and selenium. Particulate-phase ele-
ments of most potential significance are chromium,
copper, nickel, and zinc. Each i1s discussed in more
detail below. To the extent possible, concentrations
of each element are discussed in relation to Federal
water-quality criteria.
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Table 3. Concentrations and partitioning of trace elements af sites 1-11, 1985-88--Continued

Median Median
Site 25th 75th pers 25th 75th per-
No. per- Median per- ‘;f‘“é?‘fe per- Median per- ?e“é?ge
(fig. 1) centile centile so]v:eci centile centile ;‘;lvlesci
phase phase
Lithium (d1=10) Manganese (dl=1)
*] <10 <10 10 NC 100 170 378 16
*2 30 40 50 90 330 440 565 47
3 20 30 40 95 242 290 408 28
*4 30 50 60 100 210 295 430 45
*5 <10 <10 <10 NC 60 80 110 26
6 10 20 30 88 192 240 338 20
7 10 20 30 98 188 225 280 26
*g <10 <10 <10 NC 4.0 50 70 46
9 <10 20 20 90 138 180 272 19
*10 <10 <10 <10 NC 30 40 50 19
11 <10 10 20 NC 120 140 190 21
Molybdenum (dl=1) Nickel (dl=10)
*] 2.0 5.0 11.5 100 4.0 6.0 9.0 38
*2 6.0 8.0 10.5 100 3.0 11.0 15.8 27
3 4.0 7.0 10.0 100 6.0 9.0 13.0 30
*4 7.0 10.5 14.0 100 10.0 14.0 20.2 29
*5 1.0 1.0 3.0 100 2.0 4.0 3.0 35
6 3.8 5.0 7.2 100 6.0 10.0 15.0 20
7 2.5 5.0 7.0 100 5.0 10.0 14.0 32
*g <1.0 1.0 3.0 NC 2.0 4.0 7.0 71
9 1.8 35 52 94 6.0 10.0 18.0 20
*10 <1.0 1.0 2.0 NC 2.0 4.0 6.0 45
11 2.0 3.0 5.0 100 52 7.5 13.0 33
. Zinc (d1=10 for total recoverable
Selenium (d1=0.1) and 3 for dissolved)
*] 0.2 0.3 0.6 100 <10 10 30 37
*2 5.1 9.4 15.4 99 20 20 30 40
3 1.6 6.2 9.9 99 15 20 30 30
*4 2.6 9.5 20.3 100 10 20 30 33
*5 <1 .1 2 100 <10 <10 20 43
6 1.5 3.8 6.4 100 10 20 30 30
7 1.3 33 4.8 97 10 20 30 50
*g <.1 1 2 100 <10 10 20 40
9 8 1.4 3.1 100 10 20 30 27
*10 <.1 <.1 2 NC <10 <10 20 55
11 .8 1.4 23 98 10 10 20 33

DISSOLVED-PHASE ELEMENTS
ARSENIC

Arsenic concentrations generally were low and
consistent at all sites, and had dissolved forms
accounting for medians of 67 to 100 percent. The
highest median concentration of 5.0 pg/LL was
measured at sites 1, 2, and 4. The lowest median
concentration of less than 1.0 pg/L was measured at

site 10. Median concentrations of arsenic in the river
decreased downstream from site 1 (5.0 pg/L), to sites
3, 6, and 7 (4.0 pg/L), to site 9 (3.0 pg/L), to site 11
(2.0 pg/L), because of dilution with water from Sierra
Nevada tributaries (sites 5, 8, and 10}, which had
median arsenic concentrations of <1.0 to 2.0 pg/L.

Arsenic should not have adverse effects on water
quality at the concentrations measured during this
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study. The U.S. Environmental Protection Agency
aquatic-life criterion for trivalent arsenic (arsenic III)
is 190 pg/L as a 4-day average, total-recoverable
concentration (U.S. Environmental Protection Agen-
cy, 1986). Total-recoverable concentrations of all
forms of arsenic are reported in this study and none
of the measured concentrations approach the cri-
terion. The Federal drinking-water criterion is 50
ug/L (U.S. Environmental Protection Agency, 1986)
which also was not exceeded at any of the study sites.

BORON

Boron concentrations were highly variable be-
tween sites and over time at some sites, although
dissolved forms accounted for a median of 100
percent at all sites. The highest median concen-
trations were in Salt Slough (1,600 pg/L) and Mud
Slough (2,900 pg/L). Median concentrations in the
river increased from 150 pg/L at site 1 to 1,200 pg/L
at site 3 (downstream of Salt Slough), and then
decreased to 835 ug/L at site 6 downstream of the
Merced River inflow, and eventually decreased to 390
ug/L at site 11 after dilution by inflows from all three
Sierra Nevada tributaries (sites 5, 8, and 10, all
having medians of 30.0 pg/L boron).

Boron is an important water-quality concern in the
San Joaquin River, primarily because of its effect on
the quality of water for irrigation. The U.S. Environ-
mental Protection Agency (1986) criterion for boron
in irrigation water used over a long period of time is
750 pg/L. A criterion has not been established for
aquatic life. The irrigation criterion of 750 pg/L was
exceeded in more than 75 percent of the samples from
Salt and Mud Sloughs, which are not directly used for
irrigation. The irrigation criterion was exceeded in
more than 50 percent of samples from sites 3, 6, and
7 on the San Joaquin River, a reach of river that is a
source of irrigation water. Boron concentrations were
less than 750 pg/L. more than 75 percent of the time
at sites 9 and 11.

MOLYBDENUM

Molybdenum concentrations generally were low
and consistent at all sites, and had dissolved forms
accounting for a median of 100 percent of the total
recoverable concentration at all sites except site 9 (94
percent). As with boron, the median concentrations
were highest in Salt Slough (8.0 pg/L) and Mud
Slough (10.5 pg/L) and there was gradual dilution in
the San Joaquin River from site 3 (7.0 ug/L) to site
11 (3.0 pg/L). The Sierra Nevada tributaries, which

enter the San Joaquin River between sites 3 and 11,
had median concentrations of 1.0 pg/L.

Although Federal water-quality criteria have not
been established for molybdenum, the State of
California has identified it as a water-quality concern
in the San Joaquin River system. The State objec-
tives are to not exceed monthly mean concentrations
of 19 pg/L molybdenum in Salt and Mud Sloughs and
in the San Joaquin River upstream of the Merced
River inflow (site 6), or 10 pg/L in the San Joaquin
River from the Merced River inflow to site 11 at
Vernalis (California Regional Water Quality Control
Board, Central Valley Region, 1991). These concen-
trations were not exceeded more than once at any of
the study sites except Mud Slough, where 19 pg/L
was exceeded in 12 percent of the samples.

SELENIUM

Selenium concentrations follow the same general
pattern among sites as boron, and had dissolved forms
accounting for medians of 97 to 100 percent of total
recoverable concentration. The highest median
concentrations were in Salt Slough (9.4 pg/L) and
Mud Slough (9.5 pg/L). Median concentrations in the
river increased from 0.3 pg/L at site 1 to 6.2 pg/L at
site 3, downstream of Salt Slough, but decreased to
1.4 ug/L at site 11 after dilution by water from the
Merced River (site 5; 0.1 pg/L), Tuolumne River (site
8; 0.1 pg/L), and Stanislaus River (site 10; <0.1
pg/L). Proportionately, selenium concentrations were
diluted more between sites 3 and 11 than were
arsenic, boron, and molybdenum.

The U.S. Environmental Protection Agency (1987)
water-quality criteria for selenium are: (1) a 4-day
average concentration of 5 pg/L, not to be exceeded
more than once every 3 years on the average, and (2)
a 1-hour average of 20 pg/L, not to be exceeded more
than once every 3 years on the average. For the time
scale and sampling frequency of this study, the 5 ug/L
criterion is the most relevant for discussion. Median
concentrations exceeded 5 ug/L in Salt Slough (9.4
pg/L), the San Joaquin River at site 3 (6.2 pg/L), and
in Mud Slough (9.5 pg/L). In Salt Slough, selenium
concentrations exceeded 5 pg/L in more than 75
percent of the samples. Selenium concentrations
exceeded 5 pg/L in more than 25 percent of the
samples from the San Joaquin River at site 6, even
after dilution by the Merced River inflow. Thus, in
Salt and Mud Sloughs and in the San Joaquin River
between Salt Slough and the Merced River, selenium
commonly exceeded the water-quality criterion. Even
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downstream of the Merced River, median concen-
trations of selenium in the San Joaquin River are
greater than 2 pg/L until dilution by the Tuolumne
River.

PARTICULATE-PHASE ELEMENTS
CHROMIUM

Chromium concentrations varied relatively little
between study sites, having median total-recoverable
concentrations ranging from 5.0 to 12.0 pg/L. At
most sites, dissolved chromium probably was less
than 10 percent of the total recoverable. Dissolved
chromium was less than the detection limit of 1 pg/L
in most samples from all sites.

The U.S. Environmental Protection Agency (1986)
water-quality criteria for chromium specify 11 pg/L
chromium IV as a 4-day average not to be exceeded
more than once every 3 years. The criterion for
chromium III, another form of chromium, is speci-
fied as a function of water hardness. Typical water
hardness at the study sites ranges from about 50 mg/L
as CaCO, (calcium carbonate) in the Sierra Nevada
tributaries, to 400 mg/L as CaCO,; in Salt and Mud
Sloughs. At hardness values of 50, 200, and 400
mg/L as CaCQO,, the chromium III criteria would be
117, 365, and 644 pg/L, respectively. On the basis of
this analysis, chromium IV is the only potential
concern.  Although total-recoverable chromium
slightly exceeded 11 pg/L in more than one-half the
samples from sites 2, 4, and 6, chromium species
were not analyzed.

COPPER

Copper concentrations generally were low and
consistent at all study sites, and had medians of 20 to
33 percent of total-recoverable copper in dissolved
forms. Median total-recoverable concentrations
ranged from 4.0 pg/L in the Merced and Tuolumne
Rivers (sites 5 and 8) to 9.0 pg/L in Salt Slough.
Compared with other elements, there was minimal
dilution by Sierra Nevada tributaries.

The U.S. Environmental Protection Agency (1986)
criteria for protection of aquatic organisms specify
total recoverable copper concentrations that vary with
water hardness. Over the range of hardness typical of
the study sites (50, 200, and 400 mg/L as CaCOs), the
criteria would be 6.5, 21, and 39 pg/L copper,
respectively, as 4-day averages not to be exceeded

more than once every 3 years. Total-recoverable
copper concentrations occasionally (less than 25
percent of samples) exceed hardness-based criteria in
the Sierra Nevada tributaries when hardness de-
creases to substantially less than 50 mg/L CaCO,.
Dissolved copper concentrations were less than the
criteria in all but one sample.

NICKEL

Nickel concentrations were relatively low and
consistent at all study sites, and had medians of 20 to
71 percent of total-recoverable nickel in dissolved
forms. Compared with chromium and copper, there
was a greater contrast in nickel concentrations
between Sierra Nevada water (medians of 4 ug/L in
the Sierra Nevada tributaries) and Salt and Mud
Sloughs (medians of 11.0 and 14.0 pg/L, respec-
tively). Generally, the Sierra Nevada tributaries had
a greater proportion of nickel in dissolved phases (35
to 71 percent) than did Salt and Mud Sloughs (27 and
29 percent), or the lower San Joaquin River at sites 6,
7,9, and 11 (20 to 33 percent).

The U.S. Environmental Protection Agency (1986)
water-quality criteria for protection of aquatic organ-
isms specify total-recoverable nickel concentrations
that vary with hardness. Over the range of hardness
typical of the study sites (50, 200, and 400 mg/L as
CaCQ,), the criteria would be 56, 160, and 274 pg/L,
respectively, as 24-hour averages. Based on typical
hardness values, total-recoverable nickel never
exceeded the criteria at any of the study sites.

ZINC

Zinc concentrations also were relatively low and
consistent, and had medians of 27 to 55 percent in
dissolved phases. Median zinc concentrations were
slightly higher than chromium, copper, or nickel
concentrations at the same sites, but the same general
pattern of higher median concentrations in Salt and
Mud Sloughs (20.0 pg/L) and lower median
concentrations in the Sierra Nevada tributaries (10.0
ug/L or less) prevailed.

The U.S. Environmental Protection Agency (1986)
water-quality criterion for protection of aquatic organ-
isms is a 24-hour average of 47 pg/L total recoverable
zinc. Total-recoverable zinc concentrations occa-
sionally exceeded 50 pg/L at all sites, but in
substantially less than 25 percent of the samples.
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PATTERNS AND TRENDS IN DISSOLVED
SOLIDS, BORON, AND SELENIUM
CONCENTRATIONS

Of the constituents investigated in this study,
dissolved solids, boron, and selenium are of the
greatest concern for the water quality of the San
Joaquin River. General patterns and trends in these
constituents observed in the San Joaquin River near
Vernalis (site 11), provide a useful perspective on
factors that affect the water quality of the river.

RELATIONS BETWEEN DISSOLVED SOLIDS, BORON,
AND SELENIUM

Dissolved solids, boron, and selenium concen-
trations measured in the San Joaquin River at site 11
are positively correlated with each other and negativ-
ely correlated with the logarithm of streamflow (table
4), as determined by linear regression analyses.
Concentrations are highest at the lowest flows and
lowest at the highest flows, and vary little over the
range of high flows from 200 to 1,000 m’/s. This
pattern reflects the dilution of dissolved solids, boron,
and selenium that occurs at high flows as the
proportion of water from dilute Sierra Nevada runoff
increases.

Boron and selenium are positively and linearly
correlated with dissolved solids. Dissolved-solids
concentration explains 84 percent of the variation in
boron concentrations and 54 percent of the variation
in selenium concentrations. The addition of the log-
rithm of streamflow in multiple regression analyses,
though significant at =0.05, only improves the
variance explained from 84 to 86 percent for boron
and 54 to 58 percent for selenium. The closer
relation between dissolved solids and boron, com-
pared with dissolved solids and selenium results partly
because boron is closely associated with dissolved
solids in most major sources of dissolved solids to the
river, whereas selenium is most closely associated
with dissolved solids in Salt and Mud Sloughs, which
receive high-selenium tile drainwater. In addition,
relative analytical variance is less for boron than for
selenium. Because of the connection of boron and
selenium with waters associated with Coast Range-
derived soils and sediment, selenium concentrations
are more highly correlated with boron than with
dissolved solids.

Table 4. Llinear correlations among dissolved
solids, boron, and selenium concentrations and
streamflow at San Joaquin River near Vernalis (site
1)

Correlation coefficients (r)

Streamflow Dissolved

(log,) solids ~ Boron
Dissolved solids . . -0.61
Boron ......... -.50 0.92
Selenium ...... =37 74 0.88

SEASONAL PATTERNS

Seasonal patterns were investigated for the 1985-88
study period. The correlation among dissolved solids,
boron, and selenium is reflected by the same general
seasonal patterns for all three in the San Joaquin
River at site 11 (fig. 11). Each year, concentrations
of all three constituents usually are highest during
late winter to early spring, followed by lower
concentrations in early summer, higher concentrations
again in mid-to-late summer, and usually the lowest
concentrations of the year in the autumn.
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CONCENTRATION FOR 1985-88

SELENIUM, AS MULTIPLES OF THE MEAN

STANDARDIZED DISSOLVED SOLIDS, BORON, AND

Patterns and trends in relative
concentrations of dissolved solids, boron, and
selenium in the San Joaguin River near Vernalis
(site 11) during 1985-88.

Figure 11.
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These seasonal patterns in concentrations relate
primarily to seasonal changes in the sources of water
to the river. Four principal types of water enter the
river: Sierra Nevada tributary inflows, surface
irrigation-return flows, ground water, and subsurface
agricultural drainwater. The Sierra Nevada tributar-
les (sites 5, 8, and 10) generally contribute 50 ¢ 80
percent of the sireamflow at site 11 (fig. 4). They
tend to contribute lower percentages of streamflow in
late summer to autumn and higher percentages during
winter to early summer. In 1986, much of the Sierra
Nevada runoff was measured at site 1 during the
high-flow period (fig. 4). As indicated in figure 5,
sites 5, 8, and 10 account for a low and relatively
constant percentage of the dissolved-solids load to the
San Joaquin River.

Surface irrigation-return flows follow the summer
irrigation season, and generally peak between April
and September. For example, figure 4 shows the total
contribution of unmeasured sources of water to the
San Joaquin River. With the assumption that ground
water does not vary substantially compared to surface
irrigation-return flows, most of the seasonal pattern in
unmeasured inflows indicated in figure 4 is believed
to be due to surface irrigation-return flows. Clifton
and Gilliom (1989) reported that water entering the
river between sites 6 and 7 was about 73 percent
surface irrigation-return flows and 27 percent ground
water in October 1986. On an annual basis, Phillips
and others (1991) estimated that ground water could
account for 5 and 8 percent of total river flow in
1987 and 1988, respectively. Overall, the com-
bination of water entering the San Joaquin River from
all sources located downstream of tributary sites 1, 2,
4,5, 8, and 10 was estimated to be about 20 percent
of the total river flow at site 11 during 1985-87
(Clifton and Gilliom, 1989). Synoptic studies of
combined surface and subsurface irrigation-return
flows between sites 6 and 7 during October 1986 and
June 1989, indicated flow-weighted mean specific
conductances of 408 and 792 pS/cm, respectively
(Phillips and others, 1991). These return flows in-
clude several subsurface drainage systems that dis-
charge water with relatively high salinity (about 2,000
uS/cm), but with selenium usually less than 5 ug/L.

Little is known about seasonal patterns in ground-
water inflow to the San Joaquin River. Although
seasonal patterns probably occur in response 1o
irrigation and ground-water pumping, ground-water
inflow is much less variable than other sources.

According to 1989 data. ground water flowing intc
the river had relauvely high salinity and boron. but
low selenium (Phillips and others, 1991). Water
samples from 24 observation wells instalied at 3 sites
along the river, including study sites 6 and 7, indicate
that the average composition of ground water flowing
mto the river 1s characterized by spectfic conductance
of 2.230 uS/cm. boron of 1.321 pg/L. and selenium of
0.9 pg/L. (Phillips and others, 1991 .

Discharges from subsurface agricultural drainage
systems to Salt and Mud Sloughs cause one of the
most significant seasonal patterns in dissolved solids,
boron, and selenium loading to the San Joaquin
River. Figure 12 shows the seasonal distribution of
flows and loads of dissolved solids, boron, and
selenium from the Grasslands drainage area (95,000
acres) that contributes most subsurface tile drainwater
to the river. In general, the seasonal patterns of
dissolved solids, boron, and selenium loads are
similar and correspond closely to tile-drain flows from
the Grasslands drainage area. As with the pattern in
dissolved solids. boron, and selenium concentrations
in the San Joaquin River at site 11 (fig. 11), the loads
are highest during late winter to early spring,
followed by lower loads in early summer, higher
loads again in mid-to-late summer, and usually the
lowest loads of the year in autumn, after growing
season irrigation and before preirrigation.

The significance to the San Joaquin River of the
loading of dissolved solids, boron, and selenium from
the Grasslands drainage area is evident by comparison
of average 1984-88 loads from the drainage study
area (from Pickett and Kratzer, 1988) to the loads in
the San Joaquin River near Vernalis. During
low-flow conditions from 1985 to 1987, studied by
Clifton and Gilliom (1989), the dissolved-solids load
averaged 2,780,000 kg/d at site 11, compared to
544,000 kg/d from the drainage area. Selenium loads
averaged 9 kg/d at site 11 compared to 12.5 kg/d
from the drainage study area. Clifton and Gilliom
(1989) did not make similar load estimates for boron.
The data indicate that the Grasslands drainage area is
an important, but not dominant, source of dissolved
solids to the river, and the dominant source of
selenium to the river. The data suggest that there
may be a loss of selenium between the drain inflows
and site 11 due to withdrawals or other losses.
However, considering the possibilities of estimation
errors, the loads may actually be similar.
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Figure 12. Seasonal distributions of flows and
loads of dissolved solids, boron, and selenium
from the Grasslonds drainage area (based on
data summarized in California State Water
Resources Control Board, 1987 and Pickett and
Kratzer, 1988)

SUMMARY AND CONCLUSIONS

This report provides an overview of selected
hydrologic and water-quality conditions in the San
Joaquin River and its major tributaries, which were
studied during 1985-88 in response to concern about
adverse effects of agricultural drainwater on the river.

The 1985-88 study period included hydrologic
extremes throughout most of central California.
During 1986, flooding affected much of the San
Joaquin Valley. Drought conditions prevailed during
1987 and 1988. Except for an 11-month period
during and after the 1986 flood, streamflows during
the study period generally were less than median
streamflows for 1975-88. Annual combined stream-
flow from the Sierra Nevada tributaries (the Merced,
Tuolumne, and Stanislaus Rivers) comprised 56 to 69
percent of the annual streamflow of the San Joaquin
River near Vernalis during 1986-88. Combined
streamflow from Salt and Mud Sloughs comprised 6
to 19 percent of annual streamflow at Vernalis, and
streamflow from the upper San Joaquin River
comprised 2 to 25 percent of the streamflow at
Vernalis; the highest value was for the 1986 flood.
Unmeasured sources of water from irrigation-return
flows and ground water accounted for 13 to 20
percent of the annual streamflow at Vernalis.

Except during high-flow conditions, the upper San
Joaquin River and the Sierra Nevada tributaries
contribute a small part of dissolved-solids loading to
the San Joaquin River. Salt and Mud Sloughs and
unmeasured sources of water, which consist mainly of
irrigation-return flows and ground water, contribute
most of the dissolved-solids load measured in the San
Joaquin River near Vernalis. Though the Sierra
Nevada tributaries contribute little dissolved-solids
loading, they greatly affect dissolved-solids concen-
trations in the San Joaquin River through dilution.

Two distinct types of water with different
major-ion compositions can be distinguished among
study sites. Sierra Nevada tributaries are dominated
by calcium and magnesium and by carbonate plus
bicarbonate. Salt and Mud Sloughs are dominated by
sodium and sulfate plus chloride. Other sites had
various mixtures of these two water types.

Suspended-sediment concentration in the San
Joaquin River near Vernalis peaked sharply at more
than 600 milligrams per liter during February 1986.
During low-flow conditions, concentrations and loads
were fairly uniform, having highest concentrations
during the early summer irrigation season. During
both low-flow and high-flow periods, average
sediment loads from tributaries studied totaled
substantially less than the total load of the San
Joaquin River near Vernalis, indicating substantial
additions of suspended sediment from irrigation-return
flows and from erosion and resuspension of sediment
from channels and flooded areas.

Summary and Conclusions 19



Trace elements present primarily in dissolved
phases are arsenic, boron, lithium, molybdenum, and
selenium. Boron and selenium are the trace elements
of greatest importance to water quality in this study
area. Trace elements present primarily in particulate
phases in the San Joaquin River are aluminum,
chromium, copper, iron, manganese, nickel, and zinc;
none of these are likely to cause significant water-
quality problems in the river.

Boron and selenium concentrations are highest in
Salt Slough (medians of 1,600 and 9.4 micrograms
per liter) and Mud Slough (medians of 2,900 and 9.5
micrograms per liter), and decrease downstream in the
San Joaquin River as dilution occurs. Boron concen-
trations exceeded the irrigation water-quality criterion
of 750 micrograms per liter more than 50 percent of
the time in the San Joaquin River at sites 3, 6, and 7.
Selenium concentrations exceeded the aquatic-life
water-quality criterion of 5 micrograms per liter more
than 50 percent of the time in Salt and Mud Sloughs
and in the San Joaquin River at site 3, and more than
25 percent of the time in the San Joaquin River at site
6, just downstream of the Merced River inflow.

Dissolved solids, boron, and selenium concen-
trations measured in the San Joaquin River near
Vernalis (site 11) are positively correlated with each
other and negatively correlated with streamflow,
reflecting their common sources and dilution during
high streamflows. Concentrations of dissolved sol-
ids, boron, and selenium usually were highest during
late winter to early spring, followed by lower
concentrations in early summer, higher concentra-
tions again in mid-to-late summer, and the lowest
concentrations of the year in autumn. The seasonal
patterns in dissolved solids, boron, and selenium
concentrations generally correspond to the seasonal
patterns in the inflow of subsurface tile drainwater to
Salt and Mud Sloughs. The tile drainage is one of
the most significant sources of dissolved solids and
the most significant source of selenium to the San
Joaquin River.
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